Introduction
Reproductive inefficiency is one of the main limitations to high biological and economic performance of the three major farm species. Its extent can be modified considerably by a range of environmental and physiological factors. For example, sheep show a pronounced seasonal pattern of breeding (Robinson, 1951) , and, with the exception of a few breeds with an extended season (e.g. Dorset Horn and Merino), it is possible to achieve only a single pregnancy per year even though the length of gestation is only 147 days. There is a further period of anovulation in the immediate postpartum period.
Although neither the pig nor the cow are typically considered to exhibit a period of seasonal anoestrus, there is nevertheless clear evidence of a seasonal modulation of their reproductive performance (Bulman & Lamming, 1978; Paterson, Barker & Lindsay, 1978; Peters & Riley, 1982a, b) . In the majority of milked dairy cows there is a short period of post-partum acyclicity (Bulman & Lamming, 1978 ;  Bulman & Wood, 1980) which may simply reflect the latent effects of the preceding pregnancy on the activity of the hypothalamo-pituitary-ovarian axis and the need for complete uterine involution. Normally, there is a restoration of ovarian activity in milked cows within about 30 days of parturition, although in some animals this can be considerably delayed (Bulman & Lamming, 1978 ; Lamming, Wathes & Peters, 1981) . By contrast, the suckled cow has a longer and more variable post-partum acyclic period which is particularly pronounced in those animals suckling more than one calf (Wettermann, Turman, Wyatt & Totusek, 1978 ; . Such extended periods of anovulation can increase the interval between the birth of consecutive calves considerably beyond the economic optimum of 365 days.
A complete suppression of oestrus and ovulation during lactation generally occurs in the domestic pig, although this may reflect an inhibition attributable to the suckling stimulus and/or the presence of the litter rather than lactation per se. Weaning is normally followed by oestrus and ovulation within 4-8 days (see Varley, 1982) .
In spite of attempts during the past 25 years to overcome such instances of reproductive quiescence, little progess has been made, largely due to a lack of understanding of the endocrine causes of reproductive inactivity. This paper is a review of recent research concerning the hormonal inadequacies which result in anovulation, together with details of experiments designed for its correction. (Baird, 1978; Karsch, Legan, Ryan & Foster, 1978) and this is associated with a parallel increase in oestradiol concentrations (Text- fig. 1 ). This rise in mean circulating LH concentrations during the follicular phase is attributable to a gradual increase in episode frequency of LH from its mid-cycle nadir of one episode per 3-12 h, when progesterone concentrations are high, to approximately one episode per 1-2 h immediately before the preovulatory LH surge (Baird, Swanston & Scaramuzzi, 1976; Baird, 1978) . This rise in oestradiol secretion rate in response to each LH episode, together with the parallel increases in both LH and oestradiol concentrations during the follicular phase, led to the suggestion that the final phases of follicular growth and maturation are under the control of tonic LH secretion (Baird, 1978) . Such a suggestion does not preclude a role for FSH in the control of follicle growth; FSH is known to be important in stimulating the early stages of follicle growth and steroidogenesis (see Richards, Rao & Ireland, 1978) (Webb, Lamming, Haynes, Hafs & Manns, 1977; Fernandes, Thatcher, Wilcox & Call, 1978; Foster, Lamming & Peters, 1980) , gradually throughout lactation in the pig (Stevenson, Cox & Britt, 1981) and by Day 28 post partum in the ewe (Jenkin, Heap & Symons, 1977 (From Peters et al., 1981.) precedes any resumption of ovarian activity; indeed cows will only start to cycle when this pattern becomes typical of the follicular phase of the oestrous cycle. In the more deeply anoestrous suckled cow with an extended post-partum interval, plasma LH levels are low and there is a corresponding delay in the restoration of episodic LH secretion, to such an extent that there is a significant correlation between the interval from parturition to the onset of episodic secretion and the length of the anovulatory period (Riley, 1982 (Scaramuzzi & Martenz, 1975; Scaramuzzi & Baird, 1979; McLeod, Haresign & Lamming, 1982a, b) . In contrast, FSH concentrations, at least in breeds with a relatively shallow anoestrus, are comparable to mid-cycle concentrations (McNeilly, O'Connell & Baird, 1982) . This reduction in LH episode frequency during seasonal anoestrus appears to be mediated by an increased sensitivity to the negative feedback effects of low levels of oestradiol at the hypothalamic-pituitary axis (Karsch et al., 1978; Haresign, McLeod & Webster, 1983) .
Prepubertal period
Extensive data have been presented from studies in the ewe lamb which are consistent with the hypothesis than an increase in tonic LH secretion acts as the ultimate trigger for preovulatory follicle growth and steroidogenesis (see Ryan & Foster, 1980) . Both an increase in the episodic pattern of LH secretion and a chronic increase in mean concentrations precedes the first ovulation. In lambs attaining puberty naturally the increase in episodic LH release is postulated to be due to a seasonal decrease in sensitivity to oestradiol negative feedback. Furthermore, during this period of anovulation the lack of an effective positive feedback response to oestrogen does not appear to be a major limitation (Squires, Scaramuzzi, Caldwell & Inskeep, 1972; Foster & Karsch, 1975) .
In the gilt there is also a gradual increase in the rate of episodic LH secretion as the animals approach puberty (Stickney, 1982 The results presented in Table 1 and Text- fig. 5 indicate that increasing the LH episode frequency of seasonally anoestrous Clun Forest ewes from its pretreatment value of 1-5 ± 0-2 episodes per 12 h up to a value of 1 episode per 2 h was sufficient to induce the sequence of hormonal changes which result in a preovulatory LH surge and ovulation (McLeod et al., 1982b) . The ewes were injected intravenously with a range of Gn-RH doses (75-500 ng/injection) which induced LH episodes typical in magnitude to those found naturally, rather than the immediate preovulatory-type LH surge which follows treatment with much larger dose (150-300 µg), singlebolus injections (Haresign, Foster, Haynes, Crighton & Lamming, 1975) . The data in indicate that these low doses of Gn-RH did not result in the pituitary becoming refractory to Ryan & Foster (1980) in which hourly injections of purified LH induced precocious puberty in ewe lambs. Although Gn-RH will release both LH and FSH (Lincoln, 1979) Robinson (1950) and Matton, Bherer & Dufour (1977) have all reported continual phases of early growth and atresia in follicles in the anoestrous ewe. In addition, the timing of the preovulatory LH surge would also seem to be important. Considered over all treatment groups this occurred 35-9 ± 1-5 h after the first Gn-RH injection in those ewes with subsequent normal luteal function compared to 22-0 ± 1-1 h ( < 0-001) in surge, ovulation and luteal function (Riley, Peters & Lamming, 1981 ; Text-fig. 6 resulted in a sustained increase in mean LH levels, the order of magnitude of which was significantly influenced by dose of Gn-RH, and eventually culminated in a preovulatory LH surge. Excluding the 2 ewes in which the treatment was found to be incorrect (due to lost progesterone implants or a subcutaneous rather than an intravenous infusion) all ewes ovulated and produced viable corpora lutea . Studies using infusion rates of 0-5-2-5 µg/h for 48 h in post-partum cows have produced similar responses (A. R. Peters & G. E. Lamming, unpublished data) . Collectively these results indicate that an increase in mean circulating levels of LH rather than the episodic pattern per se may be important at the ovarian level. Furthermore, the continuous elevation in tonic LH secretion resulting from continuous infusion of low doses of Gn-RH did not appear to result in 'down regulation' at the pituitary (see McLeod et al., 1983) , although in these studies the infusion rate was lower and the infusion period relatively short compared to that used in the monkey (Knobil, 1980 
